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Extensible hierarchical codec semantic communication system

ZHANG Yuyuan, ZHAO Haitao, WEI Jibo, CAO Kuo, ZHANG Yichi, LUO Peng, LIU Yueling, MEI Kai
College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China

Abstract: Aiming at the problem that most current researches on text semantic communication mainly rely on simulation
system for theoretical verification, an extensible hierarchical semantic communication system was proposed by taking
advantage of the separation of hierarchical encoding and decoding architecture in semantic level and grammatical level.
The system was compatible with the reliable communication technology under the framework of Shannon information
through the mode of semantic and syntactic separation, and realized the nested combination of semantic communication
and traditional communication. Furthermore, a universal and extensible verification system was built based on the soft-
ware radio platform to verify the proposed semantic communication system architecture. The verification system took
semantic communication software platform as the driving core of hardware drive and algorithm call, integrated the whole
process of signal generation, information transmission, data acquisition, decoding and evaluation at the receiving end, and
could be further extended for semantic and syntactic level. Finally, the text semantic communication was tested based on
this verification system, which verified that it had higher validity and reliability than the traditional communication mode.
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The Fulton County Grand Jury said Friday an investigation of Atlanta's
recent primary election produced no evidence that any irregularities
took place

The jury further said in term-end presentments that the City Executive

Committee which had over-all charge of the election deserves the
praise and thanks of the City of Atlanta for the manner in which the

election was conducted

The September-October term jury had been charged by Fulton
Superior Court Judge Durwood Pye to investigate reports of possible
irregularities in the hard-fought primary which was won by Mayor-
nominate Ivan Allen Jr.

Only a relative handful of such reports was received the jury said
considering the widespread interest in the election the number of
voters and the size of this city

The jury said it did find that many of Georgia's registration and election
laws are outmoded or inadequate and often ambiguous

B 6 i SGEEPAFT 6 5k i A

B 7 il B P & Bellom i, 1% 5 i
BIE 4 DY S A LIESS Huffman 5%
T BN SO SCGE AR PR R SO R IR A R
A, AR SCAS A R O R R (R B 0 s 5 R SR SC
ANFF, R TE R S L B IR A R L ST ST
B EON 2 M ARG EE SRR B, ASTHEMF
PRI T AT S50 DLORAIE XS BE S I A A~ Ak . 5

=4y N 2 MBS A4/ BLEU.METEOR #ll BERT
AU PR 8 FR N BITERERTEL, SELR IR FTIRIE XL
BERRVEN 3 H, LK RS Huffman 3815
IV 73 3. SV 43 RS 5 1 At AE SS s
BIHE, e 2 AR Peid 6 B AR B 7S 5 A
JEE . 8 BT SRR T E A AR
3 PEREVHN AL HLR R T RE, B R i s

The Fulton Amask personnel Oklahoma said Friday an investigation of
on i N St

The Fulton County Grand Jury said Friday an investigation of Atlanta’s

primary electic recent primary election produced
took place place

‘The jury further said in term-end prese

at the City Exeeutive ‘The jury term-end
Committee which had str r ise and

ity Executive

e praise and

Commi i charge of i the
thanks of the City of Atlanta for the manner in which the election was
conducted

‘The September-October term jury had been a by Fulton state Court Judge jury had
Durwood investi ible i ities i Court Judge Durwood i

by Ivan Allen J e hard-fought primary which

isarmament of such reports was received the jury said

pread interest in the election the number of voters and

iy said it did find that many of Geor
itmoded or inadequate and often p:

ration and election

ﬂ//////////l/////
0 0000000000000000
0.00941 0.00910

it did find that many of Georgia's registration and clection laws
are outmoded o inadequate and often ambiguous

ﬂ////J/J/JJ/JJ/J/

ﬂ//////////J////J‘

K7 38 SCE AT & Bl S i



%5 8 W

KPS AR E R PR GRS R 5 +57-

LRE M RE ST R AT f Ak
4 ERHERSHH

ISR AT R IR R S AR S PRl g AR
B AT SR, R AT ERE SUEAE R AL Sl
T R SR AR R 5 IR AR AR R — AN iE
AT SCAR R, PR ) XA T2 AR E U2
) G PRSI o
4.1 BYESH

) P G R 48 A 7] ] 42 BP9 2 T SRR B R
HIRF G A 4 AR 2 R 15 AU T Rl — RS,
G B A 5 250 AR P A B B k2 S
B, R ia g iR 1) P05 74K B /N T Huffman
iR . KSR RGOSR A~E AR TEH
Brown iERLE) 43347 17 MDA Huffman Zwfd,
SEBS A 5 EUREEON L an ] 8 P

1 600

B e H
1 400 [ |[C__JHuffman%i% 1319 {975
1200 F 1086 1098 11_39 1126
— 983
| 944
1 000 925
&
o 800
B
T 600
400 b
200}
B B C D E
SR

8 SEUG SCA G i LR BN EL

MK 8 FRTLLE Y, AT Huffman Zifd, A
(7 SCAS A SR P 35 128 G0 B S 14 A% i 0 320 49 T Ok

Dy S AN SCARR RS LU 13.50%~14.83%, 1X
F W R B U S T LS IR (s B it — b Ik
Y o BN A0 LU 5 V8 R AN [ 1) 4 B3] 119 43 A L A5
FNEARATIE AR B IE S R ARG, 5 P 14 45 A ek
57, FLTB ORI I R 4 2
4.2 TFEMTH

NGRS X o M 1 SR A 5 4% G0l {5 1E $ A
AT 2 B SEBRIERE, 205K F Go i AH A 53]
% H ) BLEU 733, ¥ J& % [F] )i 1) METEOR 43
HOREE T ) 738 SCHUEE ) BERT FHAULE 43 %5, %
2 Fh RGBS BEREAT X LM . BLEU 40 %0
FE ISP B 0 eI 4 R B o ok
BRI, EEH T BRI AN B H X
METEOR 4427t BLEU /M4l bt —b3%
R T R A Ol B S B S T AR A, TEVEAR
B R F A4 . BERT AHABLEE 4> #3251
BERT FYIZRAEAY, THE 2 ANl [a) & 2 (8] 4 52 AR L
FEE I — b SURALLRE & 48 AR, AH%CT BLEU 7344
A1 METEOR 730 21 N 2R BB E A 3 Fh
PEA 8 b 2 LR A0 R 3 A BRI B 15 B 2 181 ()
B SR, BB MANIR] A B e R I8 A R4 m]
M. U RERAE S HRE N 60~67 dB I,
BLEU. METEOR #1 BERT AH{BLE X 3 Fhghr i3S
WAESLITE 9 Frs, HoAr, SCAR L FISCA S 4305
RKTEA IR SCA. W 9 PR LA I, 7E
BLEU. METEOR #1 BERT AH{LLE X 3 FhiEAN 645
N, 18 SCEFERD A 45 515 1 B0 T Huffman 1815 24t
R S e TR A 0 T DA X B2 1) 66~67 dB N, Hok
REPR AT AR . X R IAA ST 2 R B 1
SGBAE RGRER AR THEAS I S, 7EIX 3 2897
rfatrd, BLEU 23 $0AHXT 8K, 1X 2 KA BLUE
3 HUe X AR AT BN X ), METEOR 43402 76

10 100
90 ) 9(@\_\
80F o 80} "“ZIS::;::@_ ©
X 60 §§ 7or ot TTOeg,
Lol & 60t & 60
240l E 50 =50}
S ETRVEY ot 40+ o = - o TR
SOH—AL Fl_ |0, = T[Sk NN =TT
20 H--¢ -3¢ AL, Huffmani¥fi% O-lx:_Q 30}|--¢--3C AL, Huffmani%ig N | @ 30 }--¢--3¢ AL, Huffmani®fg 5
10 L|—8—3CA&S, 7 FG . o0 || TO3LAS, 1 SLFY %, 20 —O—3CAS, iE %Y
0 --©--3CAS, Huffmani% i “~:~\ --©--3CAS, Huffimani% i ? [|--©--3¢ &S, Huffmani¥fg Y
L L n L L L 10 1 f f 1 L L 10 1 1 L L L L
60 61 62 63 64 65 66 67 60 61 62 64 65 66 67 60 61 62 63 64 65 66 67
AR A 2 %0 dB AR A2 4/dB AR A 2 %0 dB

(a) NREEFERS T HBLEUSM 4L

(b) R 82 BT WIMETEOR 43 %

(0) ARMEETE RS ET HYBERTAIDUE /> L

P9 3 il 5 1 TE LK) SL o 45 21



58 A

palll3

e a4 5

BLEU J:fili B34 00 1 [R) SCia] Al B S5 R 208 CHE
fif, T BERT AR UL 2 M) 7B AR A1 X
AHBARE o Hoik, KIEA)SCA L SRS X PRSI )
FWHRARE THA) XA S, R2FNCAL A
BHEZMKA], N-gram i 5 A8 E BEAS e SIS Al A
MR EFEREEZ. 2, %4 Huffman Zwidok
I BN SCRIR AT SCARMFEBE, UK HE G 1205 20Ky
FURR(E BB AN 4 e PR L], IX 5380 Huffman 3
A RN 2 M SCARKIPEREFRARAE ZE A K.

T2 4 TREIEEREZS 80N 64 dB BT #E1E
SGEAE RA LGS Huffman R 43 f5 k2
A oA, R ARV B R R R B AR R . Amask
TN ANTE TR P PR 2R BOE L B R 15 TR g PR 3R
t, FFHBE SRS X, HTHE BAARE IR F B
AN PR B I AN A . R 2 e LUE
i, B PR AR HAEAE with, round. to IX 3 /M HL
18 PRIDAS R, AT Huffman 369 777E/) 12 Mk

ﬁ%ﬁﬁ&?%%%ﬁ,ﬁzgﬁH%%%EX@

5 RGAEILZRIR A B MK R SR, REigfE(5iE
RGOS M LR PR ENR, E15 RH Lt
— BRI HE T FEVE

5 ZERIB

Xt DA T SCBAE BT TR 2 401 J B B
BUIR, ASSCTE SUZAITEILZ AR 7 BRI R, )
T T M R B RV S R g, IR T

USRP X310 #5521 —MREWFA A RS BAHESEH
AT A 1 SR SR UCBEAT 3 e ) 1 S A 6 E
ARG ZARGLE SGBE AT G RIE G, 5K
LT TR E D BT BRSO ITE X
PR SE . AR GBS R Z AR SR SN SO FE AR
MM SN .. EZRGNSHET, 15 EERSR
REME AR SR ) SCAR R, bR SCRIRAE A FE A2 3R
JERE SRR, thn] DUEE R E LA 1 R T SEE (5
BR, BARIFRATY 1. e SOAS A& s 4 Il
W s SCEERIE R G R EEEE R
AL SNSRI, AR IE GBS RS0 H
i RIg M 7 TR SCRIR L APEARTE 2 R ST
X AT DU ERRER. 8, Ai%%
ST B B2 IE RSt rh . BAh, A
T00 R SR U S 5 15 R AR TE R AR I
S, FEJR SRR R, K SORME B AL 4R
EE AT S — IR B, R ARSRIE RO
T Z

EEP S

[1] WEAVER W. Recent contributions to the mathematical theory of commu-
nication[J]. ETC: A Review of General Semantics, 1953, 10(4): 261-281.

[2] SHANNON C E. A mathematical theory of communication[J]. The
Bell System Technical Journal, 1948, 27(3): 379-423.

[3] SUDAN M. Communication amid uncertainty[C]//Proceedings of
2012 IEEE Information Theory Workshop. Piscataway: IEEE Press,
2012: 158-161.

[4] AW, ZEE, WEMR. B SCER: BRI #R

*2 2 FBE S AR SRR
A FiEfE 7 2 BGOSR
JR IR AR The Fulton County Grand Jury said Friday an investigation of Atlanta's recent primary election produced no evidence that any

irregularities took place.

The jury further said in term-end presentments that the City Executive Committee which had over-all charge of the election

deserves the praise and thanks of the City of Atlanta for the manner in which the election was conducted.

1£45 Huffman 3815

irregularities took place.

Amask Amask County Grand Jury said Friday at investigation of Fulton on primary election produced no evidence that any

The jury further said in term-end presentments that the City Executive Committee @ had over-all Amask of the election libraries

the he to thanks of the City of Atlanta for Amask manner in which the election fo conducted.

I3 B OB

irregularities took place.

with round County Grand Jury said Friday an investigation of Atlanta's recent primary election produced no evidence that any

The jury further said in term-end presentments that the City Executive Committee which had over-all charge of the election

deserves the praise o thanks of the City of Atlanta for the manner in which the election was conducted.




%5 8 W

KPS AR E R PR GRS R 5

© 50«

(3]

(6]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

5 N T % BE, 2018, 31(1): 91-99.

SHI G M, LI Y Y, XIE X M. Semantic communications: outcome of
the intelligence era[J]. Pattern Recognition and Artificial Intelligence,
2018, 31(1): 91-99.

WOCH, Tk, A, & EE R ICT FUgit -+ Kk w ).
hE AR ), 2021, 51(7): 1095-1138.

XU W W, ZHANG G, BAI B, et al. Ten key ICT challenges in the
post-Shannon era[J]. Scientia Sinica (Mathematica), 2021, 51(7):
1095-1138.

WP, L, T, 456G BalBfEHOR R[] EEYR, 2019,
40(1): 141-148.

ZHANG P, NIU K, TIAN H, et al. Technology prospect of 6G mobile
communications[J]. Journal on Communications, 2019, 40(1):
141-148.

FRRSt, KT, BLEGE, S TR R R SRS 24 S5EEI).
T E R (S B AHE), 2022, 52(5): 907-921.

ZHANG Y C, ZHANG P, WEI J B, et al. Semantic communication for
intelligent devices: architectures and a paradigm[J]. Scientia Sinica
(Informationis), 2022, 52(5): 907-921.

X, RN, Wi, 5. TRV RAAL S S SCEBAE: Bl HiR
FIBRIRIT]. A5 HAR, 2022, 43(6): 41-57.

LIU C H, GUO C L, YANGYY, et al. Intelligent task-oriented semantic
communications: theory, technology and challenges[J]. Journal on
Communications, 2022, 43(6): 41-57.

WENG Z Z, QIN Z J, TAO X M, et al. Deep learning enabled seman-
tic communications with speech recognition and synthesis[J]. IEEE
Transactions on Wireless Communications, 2022: doi. 10.1109/
TWC.2023. 3240969.

AR, UK, BEE, R E B GEE M. B
IBE 24417, 2021, 5(2): 26-36.

SHIG M, XIAO Y, LI Y'Y, et al. Semantic communication networking
for the intelligence of everything[J]. Chinese Journal on Internet of
Things, 2021, 5(2): 26-36.

QIN Z J, TAO X M, LU J H, et al. Semantic communications: prin-
ciples and challenges[J]. arXiv Preprint, arXiv: 2201.01389, 2022.
LONG O, JEFF W, XU J, et al. Training language models to follow
instructions with human feedback[J]. arXiv Preprint, arXiv: 2203.
02155, 2022.

ZHANG Y C, ZHAO H T, WEI J B, et al. Context-based semantic
communication via dynamic programming[J]. IEEE Transactions on
Cognitive Communications and Networking, 2022, 8(3): 1453-1467.
YAO S S, NIU K, WANG S X, et al. Semantic coding for text trans-
mission: an iterative design[J]. IEEE Transactions on Cognitive
Communications and Networking, 2022, 8(4): 1594-1603.

XIEHQ, QIN Z J, LI G Y, et al. Deep learning enabled semantic
communication systems[J]. IEEE Transactions on Signal Processing,
2021, 69: 2663-2675.

XIE H Q, QIN Z J. A lite distributed semantic communication system

for Internet of things[J]. IEEE Journal on Selected Areas in Commu-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

311

nications, 2021, 39(1): 142-153.

HU H, ZHU X W, ZHOU F H, et al. One-to-many semantic commu-
nication systems: design, implementation, performance evaluation[J].
IEEE Communications Letters, 2022, 26(12): 2959-2963.

WENG Z Z, QIN Z J. Semantic communication systems for speech
transmission[J]. IEEE Journal on Selected Areas in Communications,
2021, 39(8): 2434-2444.

HAN T X, YANG Q Q, SHI Z G, et al. Semantic-preserved communi-
cation system for highly efficient speech transmission[J]. IEEE Journal
on Selected Areas in Communications, 2023, 41(1): 245-259.

ZHANG Z G, YANG Q Q, HE S B, et al. Wireless transmission of
images with the assistance of multi-level semantic informa-
tion[C]//Proceedings of 2022 International Symposium on Wireless
Communication Systems (ISWCS). Piscataway: IEEE Press, 2022:
1-6.

HU Q Y, ZHANG G Y, QIN Z J, et al. Robust semantic communica-
tions against semantic noise[C]//Proceedings of 2022 IEEE 96th Ve-
hicular Technology Conference (VTC2022-Fall). Piscataway: IEEE
Press, 2022: 1-6.

XIE H Q, QIN Z J, LI G Y. Task-oriented multi-user semantic com-
munications for VQA[J]. IEEE Wireless Communications Letters,
2022, 11(3): 553-557.

XIE HQ, QIN Z J, TAO X M, et al. Task-oriented multi-user semantic
communications[J]. IEEE Journal on Selected Areas in Communica-
tions, 2022, 40(9): 2584-2597.

ZHANG H W, SHAO S, TAO M X, et al. Deep learning-enabled
semantic communication systems with task-unaware transmitter and
dynamic data[J]. IEEE Journal on Selected Areas in Communications,
2023, 41(1): 170-185.

DAI J C, WANG S X, TAN K L, et al. Nonlinear transform
source-channel coding for semantic communications[J]. IEEE Journal
on Selected Areas in Communications, 2022, 40(8): 2300-2316.
WANG J, WANG S X, DAI J C, et al. Perceptual learned
source-channel coding for high-fidelity image semantic transmis-
sion[C]//Proceedings of 2022 IEEE Global Communications Confe-
rence. Piscataway: IEEE Press, 2022: 3959-3964.

WANG S X, DAIJ C, LIANG Z J, et al. Wireless deep video semantic
transmission[J]. IEEE Journal on Selected Areas in Communications,
2023, 41(1): 214-229.

XU X D, XIONG H C, WANG Y N, et al. Knowledge-enhanced se-
mantic communication system with OFDM transmissions[J]. Science
China Information Sciences, 2022: doi.10.1007/s11432-022-3624-4.
JIANG P W, WEN C K, JIN S, et al. Deep source-channel coding for
sentence semantic transmission with HARQ[J]. IEEE Transactions on
Communications, 2022, 70(8): 5225-5240.

ZHOU Q Y, LI R P, ZHAO Z F, et al. Semantic communication with
adaptive universal transformer[J]. IEEE Wireless Communications
Letters, 2022, 11(3): 453-457.

PAPINENI K, ROUKOS S, WARD T, et al. BLEU: a method for



60 W

44 %

automatic evaluation of machine translation[C]//Proceedings of the
40th Annual Meeting on Association for Computational Linguistics.
Stroudsburg: ACL Press, 2002: 311-318.

[32] BANERIJEE S, LAVIE A. METEOR: an automatic metric for MT evalua-
tion with improved correlation with human judgments[C]//Proceedings of
2005 ACL Workshop on Intrinsic and Extrinsic Evaluation Measures
for Machine Translation and/or Summarization. Stroudsburg: ACL
Press, 2005: 65-72.

[33] DEVLIN J, CHANG M W, LEE K, et al. BERT: pre-training of deep
bidirectional transformers for language understand-
ing[C]//Proceedings of 2019 Annual Conference of the North Amer-
ican Chapter of the Association for Computational Linguistics: Hu-
man Language Technologies (NAACL-HLT). Stroudsburg: NAACL
Press, 2019: 4171-4186.

ME& &N

HERX (1997- ) , B, KB AN, H
B RN K A A, R T AE
S BReESAE%,

BEFE (1981- ) , B, WERERAN, &
+, EFRHE KR AR, F
TR T R A TR 4 . H AL
R

BMEUK (1967- ) , F, Wb, #
+, EFRHRFEE . HRARN, &
BT A R E S & il BEE
SAbE., FEIAE. TR,

Eid (1990- O, H, WisEES A, L,
] 55 R ST, 2 TEAIF T 5 R N P TR
BIE. CEYHEERES,

KIRHL (1995—- ) , %, dbEA, i,
[ B B3 K 2RI, 2B 5 A A
ToE M4 5 SCGEE%.

WG (1995- O , 55, WHEA, EHi
BHECR 2 A, FEWT ST [ il Gl
F KU MIMO {5318 @4 .

X|A¥ (1999- O , %, WEEEAN, E
PR R A A, BRI RONTE X

N A Ay
fEE.

MEEE (1993- ) , B, WIM=HA, EEi
B R, AR ALY
. Y EERBAR S,



	05-230251- �Ü

